Menadione-catalyzed H O production by viable animal cells was proportional to the viable cell number, and 2 2 H O production decreased with increasing cytotoxic effects after the incubation of cells with cytotoxic 2 2 compounds. The cytotoxic effects of food additives, pesticides, antibiotics, heavy metals, phytotoxins, mycotoxins, and marine toxins were estimated using the above test employing NIH / 3T3 and Neuro-2a cells. Synergistic effects of the toxin mixture were observed and acute cytotoxicity detected 1 h after the incubation of cells with toxins. This menadione-catalyzed H O production assay is rapid and simple compared to other popular 2 2 cytotoxicity tests such as the MTT reduction assay and Neutral red inclusion test, requiring 4 h. The menadionecatalyzed H O production assay is expected to be a useful food safety test for rapidly detecting toxic compounds 2 2 having a basic cytotoxic effect on common animal cells.
Introduction
dose procedures as an alternative to the conventional LD test (Yamashoji and Isshiki 1999) . Cytotoxicity 50 A variety of cytotoxicity tests has been proposed as tests modified to allow rapid and automated analysis alternatives to animal tests, and applied to the deof large numbers of samples will be able to detect tection of cytotoxicity of drugs and chemicals. Howadditive, synergistic, and antagonistic actions. Organever, the use of cytotoxicity tests to evaluate food specific toxins may also be detected using more safety has not been widely proposed due to the differentiated cells. The application of cytotoxicity complexity and variation of foods. Additive, synergistests to food safety evaluation is expected to be useful tic, and antagonistic actions could be caused by for determining total cytotoxicity potential resulting various factors, including toxic compounds. These from additive, synergistic, and antagonistic actions in actions would make evaluation of the safety of whole the presence of different toxins. foods difficult (Konemann and Pieters 1996; Van We propose a method of food safety evaluation Zorge 1996; Yamashoji and Isshiki 1998) .
involving the use of a rapid cytotoxicity test based on Cytotoxicity tests are useful in detecting basal menadione-catalyzed H O production by viable ani-2 2 cytotoxic events common to various cells, but not in mal cells. This test is simpler, more rapid and sensidetecting organ-specific toxins (Ekwall 1983) . We tive than the widely used neutral red inclusion test and showed that 50% inhibition concentration of toxins MTT reduction test (Yamashoji et al. 1992 ). We was not proportional to the 50% lethal dose (LD ) discuss assay conditions using food additives, pes-50 when a cytotoxicity test was conducted involving 17 ticides, antibiotics, heavy metals, phytotoxins, and substances used for international validation of fixedmarine toxins. for 4-24 h. Each well was washed twice with 100 ml and DA-64 were purchased from Wako Pure Chemiof phenol red-free MEM, and 100 ml of phenol redcal Industries Ltd. Plant and marine toxins were free MEM containing 0.2 mM menadione was added purchased from Sigma Chemical Co. Other chemito each well. After 10 min incubation in a humidified cals were of analytical grade. atmosphere of 95% air and 5% CO , 150 ml of the 2 colorimetric reagent solution was added to each well and the absorbance at 725 nm in each well was Results and discussion measured using a microplate reader 1 min later. The colorimetric reagent solution contained 0.1% bovine Cytotoxicity of antibiotics -1 albumin, 10 U ml horseradish peroxidase, and 200 mM (N -(carboxymethylaminocarbonyl)-4-49 -bis(diMany types of antibiotics have been used to protect methylthiazol-2-yl)-diphenylamine (DA-64) in 1 M domestic animals and poultry from disease germs acetate buffer (pH 5.0). The viability of cells exand to maintain the animal's rate of growth. Such posed to test samples was determined as a percentage antibiotics are found in meat and poultry, but these based on the absorbance of wells containing intact effects on human health are not well known. Some cells. The growth of cells exposed to tetrodotoxin or antibiotics in meat, for example, may produce side brevetoxin was expressed as the increase in the effects in patients undergoing chemotherapy. absorbance at 725 nm.
Materials and methods
Though it is difficult to directly compare IC 50
(g l medium) with LD (g kg body weight), 50 Cytotoxicity test of tetrodotoxin and brevetoxin IC may be estimated as the 50% inhibition con-50 centration of toxins necessary to inhibit cell activity To 90% confluent Neuro-2a cells in 100 ml of in the body. Table 1 shows the cytotoxicity of culture medium containing 0.5 mM ouabain and 0.05 antibiotics after 4 or 24 h incubation with animal mM veratridine per well in 96-well tissue culture cells. IC level determined after 4 h incubation was the IC of colistin sodium methansulfonate was 2). The IC of pesticides other than BHC was lower 50 50 higher than that of LD . Few differences in IC than LD and the difference in IC between NIH / 50 50 50 50 were observed between NIH / 3T3 and Neuro-2a 3T3 and Neuro-2a cells was negligible. TPN showed cells. These facts indicate that the cytotoxicity test is a high toxic effect. These facts suggest that the more sensitive to antibiotics than is the animal test.
cytotoxicity test is more useful in detecting the basic In general, the toxic effects of antibiotics on animals cytotoxicity of some pesticides than is the animal have been considered much lower than those on test. bacteria (Russel and Chopra 1990 ), but the above
The detection of basic cytotoxic effects of pesresults suggest that antibiotics may produce stress in ticides is thus as important as that of the inhibitory animal cells (Ikemoto and Ueda 1994) . Combining effects on the neurotransmission system. In the cytotoxicity and antimicrobial susceptibility tests future, pesticides disturbing neurotransmission are could contribute greatly to the detection of antiexpected to be detected by cells whose menadionebiotics and their overall cytotoxicity in whole foods.
catalyzed H O production is related to cholin 2 2 esterase activity.
Cytotoxicity of pesticides
Cytotoxicity of heavy metals Foods are suspected the contamination by pesticides used in attempts to good harvest, and pesticides Heavy metals are known to bind to food components extracted from food have been chemically analyzed and to have chronic toxicity. The cytotoxicity of to evaluate food safety. The toxicity of pesticides inorganic salts of mercury, silver, and chrome was 21 interfering with neurotransmission has been detected detected at 0.01 g l (10 ppm) in the culture using animal tests but rarely using cytotoxicity tests medium after 5 h culture ( systems, unless the pesticides are basically cytotoxic metals are toxic at the level of mg kg body weight to common animal cells (Ekwall 1983 ; Ecobichon and are specifically detected by chemical analysis 1996).
( Table 3 ). The cytotoxicity test of organic tin We tested the cytotoxic effects of pesticides after 4 compounds, however, is expected to be useful beh culture with Neuro-2a and NIH / 3T3 cells (Table  cause tin or its inorganic compounds require rela- tively large doses (500 mg kg for 14 months) to Cytotoxicity of food additives produce toxicity when ingested orally (Goyer 1996) , and the use of tin in food processing seems to show LD and the acceptable daily intake (ADI) of 50 little hazard. The average U.S. daily intake, mostly antioxidants, antimicrobial agents, and color addias a result of processed food, is estimated at 17 mg tives are listed in Table 4 . IC of food additives 50 (Goyer 1996) . Some organic tin compounds are (Table 5 ) was lower than the LD (Table 4), and   50 highly toxic, however, and trialkyl compounds cause the difference between NIH / 3T3 cells and Neuro-2a encephalopathy and cerebral edema (Goyer 1996) . cells in regard to their sensitivity to cytotoxicity was Tributyltin (IV) chloride is much more cytotoxic negligible. The sensitivity of cells to the cytotoxicity than tin (II) chloride (Table 3) .
of food additives increased with increasing culture Sorbic acid, for example, showed a synergistic effect with p-oxybenzoic acid ester, acting as a preservative, because the dose-dependent cytotoxic effect of sorbic acid in the presence of 0.006% p-oxybenzoic acid was greater than that in its absence (Figure 1 ). These facts suggest that the cytotoxicity test is more rapid and simple than is the animal test in detecting synergistic effects in the different combinations among food composition and food additives. The present study, a 4-h culture period was enough to estimate the cytotoxic effects of food additives.
Cytotoxicity of plant toxins
The most toxic amanitin, mushroom toxin, has a strong affinity for hepatocytes and to RNA polymerase II, and inhibits protein synthesis (Jaeger et al. 1993) . Serious clinical signs of liver develop slowly, tubulin and death occurs if contamination is heavy « sorbic acid and 0.004% n-butyl hydroxybenzoate; s sorbic acid (Norton 1996b) . The IC of these toxins was about and 0.006% n-butyl hydroxybenzoate. 50 100 times the LD of those after 4 h culture (Table   50 period but color additives had little cytotoxic effect 6), suggesting that menadione-catalyzed H O pro-2 2 21 at 1 g l . Color additives have high molecular duction is affected little by the inhibition of DNA, weight and polarity, so they are not considered to be RNA, and protein syntheses within 4 h incubation. adsorbed by the gastointestinal tract or to enter cells
The LD of tomatine, and solanine contained in 50 (Kotsonis et al. 1996) . Even weak cytotoxic food tomato, potato, and other plants are about 10 times additives, however, may become stronger in the their IC after 4 h culture. Solanine showed syner-50 presence of other food additives and composition. gistic effect with chaconine, but not in the presence of tomatine (Figure 2 ). These alkaloids are well that of IC . Amygdalin is a compound of cyanogens 50 known to disrupt the biomembrane by binding to in plants. It is found in the highest amounts in the cholesterol and sterol, and the synergism between seeds of the bitter almond. In the stomach, solanine and chaconine has been observed using a amygdalin releases hydrocyanic acid, which commodel membrane (Kenkens et al. 1995) . Menadionebines with ferric ions in cytochrome oxidase or catalyzed H O production by viable cells is considmethemoglobin (Norton 1996c). The cytotoxic effect 2 2 21 ered sensitive to cell lysis rather than inhibition of of amigdalin was detected at 0.5 g l . macromolecule syntheses (RNA and protein) by amanitin and colchicine. These toxins are difficult to Cytotoxicity of marine toxins analyze chemically due to their complex structure and high molecular weight, so a rapid cytotoxicity Some marine toxins are active in voltage-sensitive test should be useful in food safety evaluation. sodium channels and prevent the increase of early Gossypol exists at 0.1-0.75% in cotton oil, caustransient ionic permeability of the nerve normally ing heart failure if contamination is heavy (Yamazaki associated Neuro-2a cells was proportional to the dose of tetrodotoxin at the range of 0.1-1 ng. On the other hand, brevetoxins and ciguatoxins enhancing the sodium channel, induce cell death. Figure 4 shows that a menadione-catalyzed H O production de-2 2 creases with increasing concentrations of brevetoxin at the range of 0.2-10 ng. These results indicate that the menadione-catalyzed H O production assay of 2 2 the above marine toxins is more sensitive than is the animal test. 
